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A PLAUSIBLE HYPOTHESIS FOR STRIATION FREEZING IN
IONOSPHERIC PLASMA CLOUDS

I Introduction

Both barium cloud and nuclear cloud striation phenomena exhibit a

persistence of kilometer scale-size structures, i.e., a freezing (J. Fedder,

W. Chesnut, L. Wittwer, private communication, 1980). Beyond a certain point

in time there is a tendency for the striations to drift in unison as long as

thevy can be observed, it is almost as if a bulk electric field (E) is acting

on the untire cloud, causing an E x B motion. The basic question is: if the

E x B gradient drift instability (Simon, 1963; Linson and Workman, 1970) is

at work producing small structures through a series of bifurcations

(Zabuskv et al., 1973; Scannapieco et al., 1974; Scannapieco et al., 1976;

Doles et al., 1976; Ossakow et al., 1977), then why do kilometer scale

structures persist?

Two clues which may provide the answer are as follows. Recent

theoretical and numerical simulation studies (modeling the plasma cloud and

ionosphere as a single two dimensional layer perpendicular to the ambient

geomagnetic field (B), with cross-field diffusion due to electron-ion

collisions) by McDonald et al. (1980) produced a "U" shaped curve for the

minimum striation scale size (a structure's stability against further bifur-

cation) as a function of plasma cloud to background ionosphere integrated

Pedersen conductivity ratio. The other clue is that two level (one for the

plasma cloud ions and one for background ionospheric ions, two dimensional,

without diffusion due to electron-ion collisions) plasma cloud striation

numerical simulation studies (Scannapieco et al., 1976; S. Zalesak, private

communication, 1980) show that high density cloud striations create high

density image striations beneath them in the background ionosphere. This

can effectively increase the integrated Pedersen conductivity associated

with the plasma cloud striations. Thus, the answer to our question may be

Manuscript suhmitte'd June 29, 1981.
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as follows. For barium cloud striations stir a little of the first clue with

a little of the second clue. For nuclear cloud striations, the first clue in

the very large Pedersen conductivity regime is sufficient. It should also be

mentioned at this juncture that another hypothesis has been proposed for

barium cloud striations by McDonald et al. (1980). In that model turbulent

diffusivity (e.g., Bohm diffusion), some two orders of magnitude larger than

classical diffusion, is invoked to account for the freezing phenomena. How-

ever, the cause of this turbulent diffusion was left as an unsolved problem.

Before proceeding to our model, let us outline the basics of the

McDonald et al. (1980) and the Scannapieco et al. (1976) studies (for details

the reader should consult these works). In the McDonald et al. (1980) work

a one level, two dimensional (x,y) perpendicular to the ambient geomagnetic

field, B, (B = Bz), striation model was used in which the equations were cast

into the dimensionless form

-12
= -V.(2V ' ) + V (1)

V = -V x (2)

V, .(V = y.V'2 V (3)

R = V L /K (4)
0 0

SCkBT (5)Ci eBeB

V e e = (34 + 4.18 log (T 3/n)) n T- 3 / 2  (6)
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In obtaining eqns. (1) - (3) from the dimensional equations the following were

used

L = scale length x = L x'

V cE /B V = V V'
o o - --

to Io/V t =t t

L = LoJ = LLEo
0 0 0

L. is a measure of the cloud's gradient scale size, E is the ambie!nt iono-
0 0

sphere integrated Pedersen conductivity, K is the cross field (B) diffusion

coefficient due to electron-ion collisions, n is plasma density, Vei is

electron-ion collision frequency, e is the electron gyrofrequency, k is
e B

Boltzmann's constant, T is plasma temperature, e is electron charge, c the

speed of light, V is the relative drift speed between the ambient plasma and
0

the neutral atmosphere, is the induced electrostatic potential (E = E - V)

and the ambient electric field was taken to be E = E y. Equation (I) is

derived from the electron continuity equation and eqn. (3) is derived from

setting the divergence of the current equal to zero. It was noted that R was

analogous to the Reynolds number for neutral flows. McDonald et al. (1980)

noted that eqns. (i) - (3) revealed that the evolution of a plasma cloud was

completely determined by initial cloud geometry, boundary conditions, and the

value of R.

The answer to whether or not a given structure will bifurcate depends on

whether R is greater than or smaller than some critical R value applicable to

that structure. For sufficiently small R, diffusion will dominate and will

smooth out all structures faster than they can be created. For sufficiently

large R, diffusion will be negligible, allowing steepening and bifurcation to
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to take place. The marginally stable state (critical R) is achieved when

the diffusion effect just balances the steepening process. If the critical R

for a particular structure is known, c&'e can use eqn. (4) to estimate the

scale s i e 0f tte ,r:,in!At l .mlL >;tate, providing estimates are

available for V and K,
0

L= KR/V (7)
0 0

Utilizing the above, McDonald et al. (1980) investigated bifurcations

which originate near the tips of striations. The procedure for estimating

the critical R for a given initial condition on ! was to carry out a set of

simulations from eqns. (1) - (3) with assorted values of K. Initial condi-

tions for the simulations were taken to be

1 + (M-l)exp(-y 2 /S2) x < 0, S = I km

= 1 + (M-l)exp(-(x 2+y2)/S 2 ) x - 0, S = 1 km

where M is the ratio of peak integrated Pedersen conductivity to ambient.

For all cases B = 0.5 gauss, E = 5 mV/m, so that V = 100 m/s. For each M
0 0

a sut of simulations were carried out for various K values in order to locate

the demarcation between bifurcating and non-bifurcating states. Results were

obtained by McDonald et al. (1980) for 2 M < 30 (sets of simulations were

actually run for M = 2, 5, 10, 30; see fig. 1 where the dots are from the

numerical simulation). Values of L were obtained from eqn. (7) using
0

2V = 100 m/s and K = 2 rn/S.
0

In the two level numerical simulations of Scannapieco et al. (1976), one

levcl represents the plasma cloud and the other level represents the back-

ground ionosphere (two level numerical simulations have also been performed

by LlO5yd and Hacre-ndel (1973), Scannapieco et al. (1974), and Doles et al.

(1976)). This is a simplified model for allowing the plasma cloud to be

4"-(
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Fig. 1 - Critical R vs N1. The solid points are from the simulations of McDonald ct al. (1980).
Similarly, the curve for 2 < M < 30 is from this reference. For M > 30 the curve has been extrap-
olated using eqn. (12). L, was derived from R by assuming Vo = 100 m/s and K 2 m2 /s in
eqn. (7).

5

imad~ ~ Wi,.imdi~ -bi ,.bi



coupled to a background ionosphere and allowing the ionosphere to react to the

cloud. Each of the two levels is characterized by its own zeroth order para-

meters such as ion-neutral collision frequencies, integrated Pedersen conduc-

tivities, etc. The two regions are electrostatically coupled because of the

high conductivity along the geomagnetic field. This coupling produces image

striations in the background ionosphere (actually below and above the cloud,

although the density fluctuations below should be stronger because the plasma

compressibility typically decreases with altitude). In this model, ion flow

is allowed in each layer, but only the electrons flow (a current) between

layers to maintain charge neutrality. Heuristically the two level, two

dimensional (x,y) striation model equations were given as

z- (9)

-- (. . .) (10)
C t

Z= Lc + Z i(1

where c and i denote cloud and ionosphere, respectively. In the simulations

of Scannapieco et al. (1976) the background ionospheric Pedersen conductivity

at t = 0 was taken to be uniform and the peak cloud Pedersen conductivity to

background ionospheric Pedersen conductivity ratio was taken to be one. The

cloud represented a barium cloud released at an altitude of 200 km. As the

simulation proceeded image striations were built up in the ionospheric level

directly beneath the leading striation fingers at the cloud level. The

Pedersen conductivity of these image striations equalled or exceeded the

Pedersen conductivity of the cloud striations beneath which they lay. Higher



initial Pedersen conductivity ratio clouds tend to produce larger Pedersen

conductivity image striations as the cloud evolves (Scannapieco et al., 1974;

5. Zalesak, private communication, 1980). Thus, if one looks along a given

field line where a high Pedersen conductivity striation (finger) exists,

tiere are also large Pedersen conductivity image striations in the background

ionosphere. The net effect of this phenomena is to produce a larger effective

Pedersen conductivity ratio on the field line containing the plasma cloud

striations and its images (the ratio being measured with respect to the sur-

rounding ionosphere where no image enhancements exist).

It. The Model

Giien the introduction in section I of the results of McDonald et al.

(1980) and Scannapieco et al. (1976), we now proceed to describe our plausible

hypothesis (model) for striation freezing. From the results of McDonald et

al. (1980) a "U" shaped curve for 2 : M 30 was produced (see fig. 1). For

those numrical simulations the plot suggests that the critical R attains a

minimum valuc between 600 and 700 for M - 4. A recent result of Overman and

ms 19k80 (18d) for circular waterbag waterbag clouds supported the qualitative

JpenLentLc Mf the critical R upon M as exhibited in fig. 1. They found that

,iiicldiog and dissipation cooperate to produce an effective diffusivity which

i, ti, actual difiuiivitv times (M + i)2/(M-) . If one assumes that the

amount "I fective diffusivitY required to halt bifurcation is insensitive to

M, thca the critical R should be proportional to (M + 1) 2/(M-1). In fact,

Mconald e't i] . (1980) found that the expression

R =75 (M + 1)2= ~ M (12)
M - I

agreed to within 3' of the mean critical R values found in the simulations

with tile exception of the M = 2 case. In obtaining the Lo presented in
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fig. 1, McDonald et al. (1980) used K ; 2 m2 Is, V = 100 m/s and used these0

in eqn. (4).

In fig. I to go beyond M = 30 (where McDonald et al. (1980) stopped) we

have extrapolated the curve using eqn. (12). Similarly the same values of K

and V (2 ma/s and 100 m/s, respectively) were employed to extrapolate L. to

higher values. From fig. I we find that in order to have a minimum scale size

Lo  500m (which would no longer bifurcate) requires M 300. Thus, for

barium cloud striations the proposed scenario goes as follows. A nominal Ba+

cloud might have a Pedersen conductivity ratio (M) - 10 (with initial plasma

cloud densiL gradient scale lengths - 1-10 km) and fig. I shows that this

would give a minimum scale size - 10-20m, i.e., structure sizes of this order

and Less would not bifurcate and so would freeze. However, as the plasma

cloud steepens and continues to form structures all sizes greater than lOin

would be present. During this steepening and structuring process the striation

tips (fingers) are forming high Pedersen conductivity (M) regions, including

the image striations (as in Scannapieco et al., 1976). As the M value

increases with time in these striations the minimal scale size stable against

further bifurcation increases. Thus, initially as the plasma cloud structures

all scale sizes -.: lm continue to bifurcate and as time goes on they are

sequentially "shut off" (freeze), i.e., the scale size of the marginally

stable state increases. The electric field pattern would be determined by the

high Pedersen conductivity region (Scannapieco et al., 1974) and so would domi-

nate the hulk motion of the cloud. Thus the cloud would march across the sky

at this E x B bulk velocity without further bifurcation. In addition, we see

from fig. I that any structures in very low Pedersen conductivity regions

would tend to become stabilized at very large scale sizes (assuming one extra-

polates the curve in fig. I for M < 2 in a similar fashion).
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In the case of nuclear cloud striations, fig. I is also illuminating.

Late Lime electrostatic codes such as MELT and MAGIC which take over after

the MiId phase (MICE and PHOENIX codes) and follow the evolution of a nuclear

detonation into the late time regime ( 10 minutes) exhibit large conducti-

3vity ratios (M - 10 ) at the beginning of this phase. Figure 1 would suggest

that extremely large R (- 5 x 10 4) would delineate the bifurcation from the

non-bifurcation state. Moreover, given eqns. (5) - (7), the fact that

kV - I km/s for the nuclear case (in the nuclear case this is the neutral wind
0

velocity), and n is an order of magnitude or so higher for the nuclear case

than for the barium cloud case, the L° in fig. 1 would not be too different

for the nuclear situation. This would automatically account for striations

I km being dominant in the nuclear case in the early phase of the late time

regime (structures below this size wouldn't form). Recalling that the studies

ot McDonald et al. (1980) used no perturbations in the initial condition, a

spatially dependent radial neutral wind or strong seed perturbations could

result in bifurcation for scale sizes 1 km in the nuclear case. Of course

as the conductivity ratio is reduced for the nuclear cloud bifurcation could

occur for smaller and smaller scale sizes without the need for a radially

dependent neutral wind. However, as the late time regime proceeds the nuclear

cloud will become more barium cloud-like in nature.

Ill.. Conclusions

A plausible hypothesis for striation freezing in ionospheric plasma

clIouds, extrapolating from the works of McDonald et al. (1980) and Scannapieco

et al. (1976), has been presented. The second level (background ionosphere)

,ffect of amplifying the integrated Pedersen conductivity in a striation

(imagu striations), because the second level is compressible, could result in

larger minimum striation scale sizes, as time goes on, which would no longer

* 9



bifurcate (but would freeze). Extrapolating McDonald et al's. (1980) "U"

shaped curve (see fig. 1) to higher integrated Pedersen conductivity ratios

(M) yields, for example, L ~ 500m for M - 300. This could account for the

persistence (i.e., freezing) of km scale-size structures observed in late

time barium cloud evolution, as the striations drift in unison. The hypothe-

sis warrants more detailed two level numerical simulations, including

electron-ion collision effects and going to longer times. In addition, one

should look for image striation effects in the observations (note: Prelim-

inary evaluation of the in situ mass spectrometer and plasma density probe

measurements taken during the DNA PLACES barium cloud experiment show image

striations, R. Narcisi and E. Szuszczewicz, private communication, 1981).

Acknowledgment

This work was supported by the Defense Nuclear Agency. The authors

would like to thank Major Leon Wittwer of DNA for his continued interest in

this problem.

I0

.



References

Doles, J.H., I1, N.J. Zabusky, and F.W. Perkins, Deformation and Striation

of Plasma Clouds in the Ionosphere, 3, Numerical Simulations of a

Multi-level Model with Reco"'ination Chemistry, J. Geophys. Res., 81,

5987, 1976.

Linson, L.M., and J.B. Workman, Formation of Striations in Ionospheric

Plasma Clouds, J. Geophys. Res., 75, 3211, 1970.

Lloyd, K.H., and G. Haerendel, Numerical Modeling of the Drift and

Deformation of Ionospheric Plasma Clouds and of Their Interaction with

Other Layers of the Ionosphere, J. Geophys. Res., 78, 7389, 1973.

McDonald, B.E., S.L. Ossakow, S.T. Zalesak, and N.J. Zabusky, Scale Sizes

and Lifetimes of F Region Striations as Determined by the Condition of

Marginal Stability, Memo Rep. 4383, Nay. Res. Lab., Washington, D.C.,

Nov., 1980; also J. Geophys. Res., 1981 (in press).

Ossakow, S.L., S.T. Zalesak, and N.J. Zabusky, Recent Results on Cleavage,

Bifurcation, and Cascade Mechanisms in Ionospheric Plasma Clouds,

Memo Rep. 3579, Nay. Res. Lab., Washington, D.C., Aug., 1977.

Overman, E.A., II, and N.J. Zabusky, Stability and Nonlinear Evolution of

Plasma Clouds Via Regularized Contour Dynamics, Phys. Rev. Lett., 45,

1693, 1980.

Scannapieco, A.J., S.L. Ossakow, D.L. Book, B.E. McDonald, and S.R.

Goldman, Conductivity Ratio Effects on the Drift and Deformation of

F Region Barium Clouds Coupled to the E Region Ionosphere, J. Geophys.

Res., 79, 2913, 1974.

Scannapieco, A.J., S.L. Ossakow, S.R. Goldman, and J.M. Pierre, Plasma Cloud

Late Time Striation Spectra, J. Geophys. Res., 81, 6037, 1976.

111
'C l i i , i i I i , • : -, ,



Simon, A., Instability of a Partially Ionized Plasma in Crossed Electric and

Magnetic Fields, Phys. Fluids, 6, 382, 1963.

Zabusky, N.J., J.H. Doles III, and F.W. Perkins, Deformation and Striation

of Plasma Clouds in the Ionosphere, 2, Numerical Simulation of a Non-

lblcar Two-Dimensional Model, J. Geophys. Res., 78, 711, 1973.

1

21



DISTRIBUTION LIST

DEPARTMENT OF DEFENSE

ASSISTANT SECRETARY OF DEFENSE JOINT CMIEFS OF STAFF
COMM, CD, CONT & INTELL WASHINGTON, D.C. 20301
WASHINGTON, U.L. Mu1 OCY ATTN C3S EVALUATION OFFICE

.lcy ATTN J. dABCo(,
UlcY ATTN .N. EPSTEIN DIRECTOR

JOINT STRAT TGT PLANNING STAFF
JIRECTOR OFFUTT AFB
COMMAND CONTROL TECHNICAL CENTER OA, NB 68113
r'ENTAGON RM r. 65 01CY ArN JLTW-2
WASHINGTON, u.C. /0301 OlcY ATTN JPST G. GOETZ

'jlcy ATTN C-bSO
ulcy ATTN C-)1e (. mAsoN CHIEF

URCOLIVERMORE DIVISION FLO COMMAND DIA
U[RECTOR DEPARTMENT OF DEFENSE
UEFENSE ADVANCED NSC PROJ AGENCY LAWRENCE LIVERMORE LABORATORY
ARO"ITECT LAJILDING P. 0. Ox 8C8
1400 WILSON 1vfl). LIVERMORE, CA 94550

ARLINGTON, VA. 2M 0cy ArrN FCPRL
01CY ATTN NUCLEAR MONITORING RESEAROTN
OlcY ArTN STRATEGIC TECH OFFICE DIRECTOR

lATIONAL. SECURITY AGENCY
dEFENSE COW4JUNICATION ENGINEER CENTER iEPARTENT OF DEFENSE1060 WIEHLE AVENUE FT. GEORGE G. rEADE, 'l 20755
RESTON, VA. 22(90 01cY ATTN JOHN SKILLMAN R52

Olcv ArTTN CODE R820 OIcy ATTN FRANK LEONARD
J1cy ATTN CODE R410 JAMES W. ILEAN Olcy ATTN W14 PAT CLARK
1CY A TTN CODE R720 j. WORTHINGTON OlcY ATTN OLIVER H. dARnETLWr W2

D}IRECTOR O1CY ATTN R5

jEFENSE COMMUNICATIONS AGENCY CORIANDANTWASHINGTON, D.C. 20305 NATO SCHOOL (SHAPE)
AM C/401D: ATTN CODE 240 FOR) APO NEW YORK U9172

OICY ATTN CODE 101B 0Tcy ATTN U.S. DocuENS OFFICER

DEFENSE TECQNICAL INFORMATION CENTER UR SECY OF DEF FOR RscH & ERG
CAMERON STATION
ALEXANDIA, VA. 2314 DEPARTMENT OF DEFENSE

i2 COPIES IF OPEN PUBLICATION, OTHERWISE 2 COPIES) WASHINGTON, D.C. 20301
12Cy ATTN TC O1CY AT'TN STRATEGIC & SPACE SYSTEMS (OS)

IRECTOR WWMCCS SYSTEM ENGINEERING ORG

DEFENSE INTELLIGENCE AGENCY WASHINGTON. K.C. CAWFOb
WASHINGTON, u.C. 4)301

JICY ATTN uT-1
Olcy ATTN B-C t. O'FARRELL ,O, AER/DIRECTOR
UICY ATTN uIAAP A. WISE ATMOSPHERIC C[ENCES LABORATORY
icy ATTN DIAST-5 U.S. AY tLECTRONICS COMMANDilcY ATTN rT-I:Z 5. 1ORTON WHITE bANDS IISSILE KANGE, rl S0"

J1CY ATTN H(s-TR j. )TEWART JCY ATTN L±LA'tU F. NILES
i1CY ATTN w. WITTIG UC-7D UIRECTOR

6R )VANCED lEO.i TR)I RECTOR H'UNTSV ILLE OFFICE
DEFENSE NUCLEAR AGENCY P. U. siOx 1500WASHINGTON, D.C. 203(05 HUNTSVILLE. AL. 35807

JlcY ATN STVL Olcy ATTN ATC-T MELVIN T. CAPPs
Yicy ATTN ITITL O1CY ATTN ATC-0 W. DAVIES

Olcy ArN ODST OlcY ArTTN ATC-R DON Russ
U3CY ATTN KAPE

PROGRAM MANAGER
LOWIAI~E M PROGRAM OFFICE

'IELD COMMWD 5001 EISENIH.ER AVEtUE
JEFENSE NUCLEAR GENCY AEXANDRIA. VA 22333
,IRTLAND AFS, V1t 7115 o1cY ATrN DACS-tAT J. SHEA

lcY ATTN FFC(R
CHIEF C-E SERVICES DIVISION

JIRECTOR U.S. ARMY COMUNICATIONS CdD
;NTEpsERvICE NUcLEAR WPONS SC OOL PENTMoN Rm IB269
.IRTLAND AFB, %M 87115 ,sAsHiNGToN, uC, Z0310

, )lcy 4IrrN DoOONT CONTROL 01CY ATTN C-'f-SERVICES DIVISION

13

( ,- .. . . " -



I UOPMNDER OMMANDER

RWOM TEOV4ICAL SUPPORT CTvITY NAVAL XCEAI, ;YSTEmS LENTER
DEPARTMENT .)F THE ARMY zAN JIEGO, ,A '12152
FORT ONMOUTH, N.-, 7..' JkCY ATTN ODE 'D2 W. MOLER

jilcy ATTN ukStLL---l -. 3EN*T Jicy ATTN CODE J30 C. d ACETT
OicY ATTN DRb.L-?LtiV 1. bOME J1CY ATTN WDE 81 K. tASTMAN
01Cy ATTN j. z.. JJIGLEY

JIRECTOR

COMANDER NAVAL RESEARCH LAEORATORY
HARRY DIAMOND LABORATORIES wASHINGT3N. ,.C. .0375
DEPARTMENT OF THE AMY 01CY ATTN CDE L470U T. w'. COFFEY '25 cys IF UN, 1 CY IF CLASS)
280W POWDER MILL ROAD alcY ATTN CDE 4701 ,jACK D. dROwN
ADELPtI, ft 20783 JCY ATTN CODE 4780 IRANCH HEAO (150C YS IF UN, 1CY IF CLASS)

LC, I-INNER ENVELOPE: ATTN: LtiD- ) 1CY ATTN CODE 7500
O1CY AT-N Lfi-TI i. WEINER ulCY AT-TN CODE 7550
O1CY ATTN DEI)D-RB R. WILLIAMS Olcy ATTN CODE 7580
01CY ATTN DELHD-M-P F. WIMENITZ 01CY ATTN CODE 7551
OlcY ATTN DELriD-NP C. MOAZED 01cY ATTN CODE 7555

01CY ATrN CoE 4730 E. mCLEAN
COMMANDER 01CY ATTN CODE 4187
U.S. ARMY COMM-_LEC ENCG INSTAL AGY
FT. MUACJHUA, AZ 8513 COMMANDER

01CY ATTN C C-EIE0 uEORGE LANE IAVAL SEA SYSTEMS COM.AND
WASHINGTON, D.C. iO362

COMMANDER 01cy AT'TN CAPT R. PITKIN
U.S. AMY FOREIGN SCIENCE & TECH CTR
220 7TH STREET, W COMMANDER
CHARLOTTESVILLE, VA L_901 NAVAL SPACE URVEILLANCE )YSTEM

UlcY ATTN DRXST-SI UALGREN, VA 22448
01cY ArTTN R. JONES 01CY ATTN CAPT J. N. BURTON

CORMAIAf F ICER-I N-CHARGE
U.S. AMY MATERIEL EV & READINESS CMD NAVAL SURFACE EAPONS CENTER
5001 EISENHOER AVENUE HIITE OAK. SILVER SPRING, m'v 20910
ALEXANDRIA, VA .2333 01CY ATTN CODE F31

oIcY ATTN DRCLX J. A. dENDER IRECTOR

COMMANDER STRATEGIC SYSTEMS PROJECT OFFICE
U.S. ARMY 3UCLEAR AND UIEMICAL AGENCY DEPARTMENT OF THE NAVY
7500 BACOLIC( ROAD WASHINGTON, D.C. 20376
oLoG 2073 OlCY ATTN NSP-2141
SPRINGFIELD, VA 22150 UICY ATTN NSSP-2722 FRED WIMBERLY

01cY ATTN LIBRARY COMADER

DIRECTOR NAVAL SURFACE WEAPONS CENTER
-. S. ARMY BALLISTIC RESEARCH LABS DA.ILREN LABORATORY
ABERDEEN PROVING 6OUSND, M 21005 UAHLGREN, VA 22448

C1cY ATTN TECH LIB EDWARD BAICY 01CY ATTN CODE UF-14 R. BUThER

OMMAND ER ,FICE OF NAVAL RESEARCH
J.3. ARMY $ATCJM AGENCY ARLINGTON, VA 217

-T. fONMOUTH, N. )77 03  olCY ATTN CE 1465
JlcY ATTN i)CUMENT CONTROL UlCY ATTN CODE 461

O1cy ATTN CODE 402
CMMANDER OCY ATTN CODE 420
U.S. ARMY MISSILE INTELLIGENCE AGENCY 01CY ATTN CODE 421

(EDSTONE ,.SENAL, A. 35W9OER
jIcY -TTN jIM UAMBLE COMMANDERAEROSPACE DEFENSE COmmANDA)C

,I RECTOR DEPARTMENT OF THE AIR FORCE
j.a. ,-MY TRACM SYSTEMS ANALYSIS ACTIVITY ENT AFB, CO 80912

HITE SANMS MISSILE RANGE, IM 66M OcY ATTN DC MR. LONG
J"CY ;ATTN ATAA-zA
OICY ATTN TCCwF. PAYAN JR. COMMANDER

c01cY ATTN AMAA-TAC LTC j. MESSE AEROSPACE JEFENSE COMMAN/XPD
D)EPARTMENT OF THE AIR FORCE

CMMNOER ENT AFB. CO D)912
,0VAL CLECTRONIC SYSTEMS YW4MAND O1CY ATTN XPDGQ
WASHINGTON, D.C. 20360 Olcy ATTN XP

.Jlcy ATTN ,NAVALE( A4 T. HUJGHESICY ATTN PVA 117 AIR FORCE JEOPHYSICS LABORATORY

j7Cy ATTN A 77-7 HANSCOM AFB, MA 01731
jilcy ATTN CODE 5011 Ulcy ATTN (PR AROLD GARDNER

01CY ATTN OPR-1 JAMS C. U.Wt10

aMAND ING C rCER UICY ATTN LKB KNNEfH ,. W. CHAPPIDN
PAVAL 1NTELLIGENCE zPPORT .7R olCy ATTN OPR ALVA T. STAIR

401 ITLL D EOAC. XOG. JlCY ATTN PIP LES 4ARONS
,AHINTh-oN, .,C. 4039U 0Icy ATTN PHD JURGEN &XCHM

.ICY AT1N CY. JBBIN : OlCY ATTN PHDi JOH.N P. MULLEN

)ICY ALTTN *iLSC--%(
'ICY ATTN C O D K)U4 . ALET
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AF WEAPONS LABORATORY DEPARTMENT OF t.4ERGY

KIRTLAND B, M 87117 ALBUQUEROUE OPERATIONS OFFICE

jlcY ATTN SUL P. . BX50
JlCY ATTN CA ARTHUR H. rJENTH4ER ALBwJE' , a7115

OICY ATTN NTYC 1LT G. KRAJCI 01C' ATTN UC CON FOR D. SHEMOOD

DEPARTMENT OF tNERGY
LIBRARY ROom G-042
WASINGTON, D.C. 2054!)

PTAC (31cr ATTN IJOC CON FOR A. LABOWITZPATRICK AFB, r:L 32925 0C

oiCY ATTN rF/MAJ WILEY
olcY ATTN TN EG, INC.

LOS ALMOS DIVISION

AIR FORCE AVIONICS LABORATORY P. 0. boX 09
R [IGHT-PATTERSON 46. OH 454 3 LOS kLos. NM d5544

Jicy ATTN AA. WADE HUNT olcy ATTN DOC CON FOR J. BREEDLOVE
JICY ATTN AA ALLEN JONtdSON

UNIVERSITY OF CALIFORNIA

DEPUTY CHIEF OF STAFF LAWRENCE LIVER4ORE LABORATORY
(ESEARCH, DEVELOPMENT, & AC P. 0. dox 08
JEPARTMENT OF THE AIR FORCE LIVERMORE, CA 94550
WASHINGTON, D.C. 20330 olcY ATrN I)OC CON FOR TECH INFO DEPT

i1CY ATTN AFRDQ lcY ATTN DOC CON FOR L-M R. OTT
01cY ATTN DOC CON FOR L-31 R. HAGER

HEADQUARTSRS 01CY ATTN DC CON FOR L-4 F. SEWARD

ELECTRONIC SYSTEMS DIVISION/"R
DEPARTMENT OF THE AIR FORCE LOS ALAMOS SCIENTIFIC LABORATORY

-ANSCOM AFB ,A 01731 P, 0. box 1663
01CY ATTN AR J. L LOS kAoS, NM 87545

01CY ATTN DOC CON FOR J. WOLCOTT

HEAQARTERS 01c ATTN DOC CON FOR R, F. TASCHEX

rLECTRONIC SYSTEMS DIVISIoN/YS
EA 01CY ATTN DOC CON FOR E. JONES

DEPARTMENT OF THE AIR FORCE 01CY ATTN LJOC CON FOR J. MALIK

• NSCcM AF-, *A 01732 U1CY ArtN DOC CON FOR X. JEFFRIES

'ICY ATTN YSA 01'cy ATTN DOC CON FOR J. ZINN
01CY ATTN JOC CON FOR P. KEATON

-iEACUARTERS D1CY ATTN DOC CON FOR U. WESTERVELT

aLECTRO4IC SYSTEMS JIVISION/U
C

A£PARTMENT )F 11E 11R ORCE SANDIA LABORATORIES

lANSCOM ATLl -A 21731 P. 0. box 5800
2,cy -,m4 CXjC , j .... ARK ALBUQUERQUE, NM d7115

01cy ATTN DOC CON FOR J. MARTIN

,OWANDER olcY ATTN DOC CON FOR W. tRONN

-OREIGN TECHNOLOGY .JIVISION, A SC 01cY ATTN DOC CON FOR A. TmomaO w
,RIGHT-eATTERSON AI-W, JH 45'3 olcy ATTN Doc CON FOR T. WRIGr

JICY ATTN AdI( LIBRARY 01y ATTN DOC CON FOR D. DAHLREN
jICY rrT'T ETlu Z. dA..LARD 01CY ATTN DOC CON FOR 3141

01CY ATTN DOC CON FOR SPACE PROJECT DIV

COMMANDER
<OME -kIR .. v.LOPMjErT ENTER, AFSC SANDIA LABORATORIES
_,RtFF!SS 4b, 'Y 3'4,41 LIVERORE LABORATORY

J'CY ATTN LJa LIBRARY/TIU P. 0. oi0X 969
2IcY ArTN x.sE d. ayN LIVERMORE, CA 94550

01cy ATTN DOC CON FOR S. MPEY
-'AS u1cy ATTN DoC LON FOR T. COOK

*OST XFICE dox 329O
AORLOWAY POSTAL CENTER OFFICE OF MILITARY APPLICATION

.OS 44GELES, A -J)09 DEPARTMENT OF tNERGY

,SPACE JEFENSE SYSTEMS) WiASIN"T"ON. D.C. 40545
lCY 4-rN SZJ 01CY ATTN UOC CON FOR Dr. Yo Song

,ST4ATEGIC AIR OMAND/PXFS TER ,.VERNtIENT

)ICY 04TTN APFS ;iAj 3. ST~ aNTRAL INTELLIGENCE AGENCY
)IcY 1r"N ADWATE 'Uj BRUCE iAUIER ATTN RD/SI, RM 5648, ri r DG
)ICy .TTN -IRT wAS NTON, D.C. 20505
jCY ATTN [UK -.IEF SCIENTIST 01cy ATTN 0SI/PSID RM 5F 19

DEPARTMENT OF COMMERCE

. x 92%T0 NATIONAL BUREAU OF STANDARDS
oORLWAY IoSTAL :ENTER WASHINGTON, D.C. 20234

,lcy ATTN LES, EA CT (ALL CORRES. ATTN SEC CfFICER FOR)
)Icy 4T"rN SK (SPACE COW SYST"EMi) M1. CAVIN OlCY ATTN R. MOORE

SOom INSTITUTE FOR TELECOM SCIENCES
O RTON 4B, AA 2C9 NATIONAL TELECOi14MICATIONS & INFO ADMIN

I , rNU rN COU.tER, CO 40303
lcv -4T74,W L-TC KENNEDY ulc, t4TTN A. JEAN (UNC.ASS ONLY)

UlCY ATTN W. UTLAUT
QWAVEP010' ATTN V. CROMBIE

;OME AIR XVELOPMENT :ENTER, *1SC ATTN L. dERRY
-ANSC M ', 1A )1I731

JiCY rTN E.. A. LORENTZEN

15Is



GENERM. ECRI C o 9 H

3ATIONAL JCEANIC & ATMSPHERIC QMOIN GENERAL ELECTRIC COMPANY

.NvIRONENTAL KESEARC04 LABORATORIES VALLEY FORGE SPACE CENTER

uEPARTMENT JF COMMERCE GODDARO BVD KIN OF PRUSSIA
BOLozEH, w .503u2 GDADBV IGO RSI

'ICY ATTN R. U B P. 0. BOX 8555
2IcY ATTN ' R tYLU 6 PHILADELPHIA, PA 19101
,icy ATTN AWERONOIMY LAB G. KEiO 0 ATTN M. n. BORTNER SPACE SCI LAB

L EPARTMENT OF DEFENSE CONTRACTORS
GENERAL ELECTRIC COMPANY

AEROSPACE ORPORATION P. 0. EOx 1122
P. j. xx 92957 SYRACUSE, 11Y 13201
LOS ANGELES, a 9M 01CY ATTN F. kEIBERT

oiCY ATTN 1. UARUNKEL
l1CY AT'rN T. SAumI UENERAL ELECTRIC ComPNl Y
'Icy ATTN V. OSPHSON TEMPO".ENTER FOR ADVANCED STUDIES

JlcY ATTN S. BOWER 816 STATE STREET (P.O. LsAwER 'W)
,iCY ATTN N. STOOKiELL SANTA lARBARA, ,A j3102
0iCY ATTN D. ULSEN 01CY ATTN uASIAC

ulcy ATTN DON CHAN)LER
01CY ATTN TOm aARRETT

,NALYTicAL SYSTEMS ENGINEERING CORP ulcy ATTN TIm bTEPHANS

OLD CONCORD ROAD j1CY ATTN WARREN S. 4AW
dukL;NGToN, MA U1803 01CY ATTN WILLIAM rARA

Icy ATTN RADIO SCIENCES ulcY ATTN 6. UAMBILL
• IACY MTTN MAO: STANTON

bERKELEY RESEAR04 
ASSOCIATES, 

[NC.

F-". . dox 983 LENERAL ELECTRIC TECH SERVICES CO., INC.

dERKELEY, CA 9701
01CY ATTN J. WORKMAN COURT STREET

SYRACUSE, NY 13201
BOEING COmPAY, THE olCY ATTN G. mILLmW
P. o. dox 3707
SEATTLE, WA 98124 6ENERM. RESEARCH CORPORATION

01cY ATTN U. KEISTER SANTA BARBARA DIVISION
01cy ATTN D. MURRAY P. 0. jfx 670
i'Y ATTN 6. HALL SANTA ARBARA,. CA 93111
lc1Y ATTN J, KENNEY 01cv ATTN JOHN [SE JR01kv ATTN JOEL LARRINO

AL:FORNIA AT 
SAN DIEGO, UNIV 

OF

P.O. Ob049 L6EOPHYSICAL INSTITUTE
SAN UIEGO, ,A 32106 UNIVERSITY OF ALASKA

FAIRANKS. A 99701
3ROWN ENGINEERING COMPANY, INC. (ALL CLASS ATTN: SEOJRITY PFICER)

CUMMINGS RESEARCH PARK 01cY ATTN T. N. DAVIS (UNO. ONLY)

,UNTSVILLE, AL 35807 0CY ATTN NEAL BROWN (UNL. ONLY)
.iCY ATTN ROMEO A. IJELIBERIS 01CY ATTN TE0HNICAL LIBMY

,.HARLES STARK DRAPER LABORATORY, INC. GTE SbLVANIA, [NC.
j55 TECHNOLOGY SQUARE ELECTRONICS SYSTEMS GW-"_ASTERN DIV

AMBR IGE, AA J2139 77 A STREET
icy A'T-rN D. ,. COX NEEI'NM, AA 02194
,)ICY ATTN J. P. GILMORE 01CY ATTN MARSMAL CROSS

-J'bAT _ABORATORIES ILLINOIS, UNIVERSITY OF

-NT~tOJM ,RoAD 107 COBLE HALL
.LARF,.SBLRG, b '0734 150 DAVENPORT HOUSE

,ICY ATTN U. YDE CHIAPAIGN, IL 61820
AILL CORRES ATTN DAN MtCLELLAND)

-ORNELL INVERSITY 0kCy FOR K. YEH

JUEPARTMENT ')F cLECTRICAL ENGINEERING
ITHACA, :lY 14850 INSTITUTE FOR UEFENSE ANALYSES

AcY TTN D. T. 'ARLEY JR 40 ARMY-NAVY DRIVE
ARLINGTON, VA 22202

r-LECTROSPACE SYSTEMS, INC. 01CY ATTN J. M. AEIN
cox 1359 Ulcy ATTN ERNEST dAUER
(icIAROSON, T 75080 01CY ATTN HANS WOLFMAD

)ICY 4TTN ri. -OGSTON 01CY ATTN JOEL bENGSTON
)IcY 4TTN SECURITY kPAIL PHILLIPS)

ESL 1NC.
,-95 ,AVA LRIVE
--uNNYVALE, .A '-.408b

JlcY ATrN j. ROBERTS
)ICy 4rrN jAMES MARSHALL
,IcY .TTN CW. PRETTIE
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H , INC. RAND CORPORATION, THE

,ALFRED IRCLE 1700 MAIN STREET
,,EDFORD, MA 41730 SANTA MONICA, CA 90406

'c1Y ,TTN DONALD HANSEN 01CY ATTN CULLEN CRAIN
UlcY ATTN ED BEDROZIAN

iNTL TEL . TELEGRAPH kFORPORATION
5WWASHINGTON AVENUE RiIVERSIDE kESEARCH INSTITUTE

"JITLEY, AJ 07110 80 WEST END AVENUE
JiCy ATTN TECHNICAL L1RARY iEW YORK, mY 10023

01CY ATTN VINCE TRAPANI

,AYCOR
'4)l LAMINO DEL A SCIENCE PPLICATIONS, INC.

DEL MAR, A 92014 I. u. box 2351
I1CY AT-TN S. R. 60LOMAN LA JOLLA, CA 92038

lCY ATTN LEWIS M. LINSON
JOHNS ")PKINS UNIVERSITY UlCY ATTN UANIEL A. HAIN

APPLIED PHYSICS LABORATORY 01CY ATTN U. IA04S
OHNS r-OPKINS ROAD 01CY AT7N t. A. 6TRAKER

L.AUREL, 'I 20810 ocY ATTN CURTIS A. SMITH
J)CY ATTN LOCUIMENT .2BRARIAN UlCY ATTN JA( MCI)OUGALL
.ICY ATTN THOMAS POTEMRA

ATCY ATTN OHN DASSOULAS RAYTHEON CO.
528 OSTON POST JOAD

50K HEED MISSILES & SPACE CO INC SUDBURY, MA 01776
..OE SOX 50L 01CY ATTN BARBARA ADAMS

SUNYVALE, CA 9 k88
0IcY ATTN DEPT 6,0-12 SCIENCE APPLICATIONS. INC.
IcY ATTN U. R. t.-+RCHILL 1710 GOOVRIDE DR.

MCLEAN, VA 22102

LOCHEED MISSILES ANDt SPACE CO INC ATTN: J. COCKAYNE

3;2, 1IANOVER STREET
-;ALO LTO, A j4304 LOa(OEED MISSILE & SPACE CO., INC.

,ICY ATTN .ARTIN WALT DEPT 52-I0 HUNTSVILLE RESEARCH & ENMR. CTR.

,c Y ATTN KIC ARD j. JOHNSON DEPT 52-12 48 BRADFORD DRIVE

JICY ATTN N. -_ ILlOF LIEPT 52-1z HUNTSVILLE, ALABAMA 35807
ATTN: UALE H. DAVIS

,AKAN -C:ECES .ORP
-. j. 0X .4O3 MCDONNELL DOLGLAS ,ORPORrION
.CLJRABO PRINGS, o 3u9.3 5301 dOLSA AVENUE

,ICY ATTN . EAGHER ,uNTINcTON IEACH, LA 42b47
01CY AT'TN N. HARRIS

-:eKABIT ,.ORP UlCY ATTN J. MOULE
'U453 OSELLE 0!CY ATTN QEORGE VOZ
,AN J;EGO, CA '2121 UlCY AT-TN W. ULSON

ICY T-'TN IRWIN ,ACOBS OICY ATTN R. 4. "IALPRIN
01CY ATTN TECHNICAL LIBRARY SERVICES

n. . NCOLN LABORATORY
m'. ,j, XX 3 MISSION RESEARCH CORPORAT.ON
.EX;NGTON, :.A 2173 35 STATE STREET

i'ICY ATTN UAVID 1 . TOWLE aANTA 3ARBARA, LA 3101
I!CY -ATTN , . WALZRON ICY ATTN P. FISCHER
IcY ATTN L. LoUGHLIN 01CY ATTN W. F. LREVIER
J]CY ATTN U. .. ARK QlCY ATTN STEVEN L. 'jUTSCHE

31CY 4TTN D. SAPPENFIELD
'ART:N ARIETA ,ORP IcY ATTN R. lJOGUSCH

RLA4N3 JIVISON UIcY ATTN R. HENDRICK
.x -637 0ICY ATTN RALPH KILB

RLANm, -:L OlSU5 (1CY ATrN DAVE SOWLE
,;cY ATTN . 'EFFNER 31CY ATTN F. FAJEN

01CY ATTN M. -CHEIBE

D-rSiCA_ JYNA MICS :NC. 01CY ATTN CONRAD L. LONGMIRE
ox 2027 O1CY ATTN WARREN A. SCHLUETER

IELEIAJE. iA -8009
'ICY TTN .. J. -RE MITRE CORPORATION, THE

P. 0. box 208
P4YSICAL jYNA.MICS iNC. OEOFORD, MA u1730
". - nx 103b7 jICY ATTN JOHN "ORGANSTERN
JAKLAND, 1A. 9Li0 U1CY ATTN 5. HARDING

ATTN: A. TiOMSON 31CY ATTN C. -;- CALLAHAN

.SSOC!ATES MITRE ORP
oo 1695 WESTGATE RESEARCH1 PARK

MIARINA EL REY, A 30291 1820 DOLLY ,ADISON ,iVD
,ICY ATTN FiORREST iLLMORE MCLEAN, IA 2101
ICY ATTN :RYAN ,ABBARD JICY ATTN W. ,'ALL
Yc1 ATTN WILLIAM D. WRIGT A 01CY ATTN W. rOSTER

IcY ATTN ROBERT -. LELEVIER
-,cY -!TTN WILLIAM j. ARZAS PACIFIC-,IERRA KESEARCH CORP

jICY -ATTN 1. AY 1L456 .. OVERFIELD aLVV.
)ICY ATTN C. MACDONALD SANTA MONICA, CA ' IJO4

"ICY *-rTN R. TURCO OlcY ATTN E. U, FIELD JR
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A[.;A ,,TA Rk INTERNATIONAL
-,S t.:A <TAriC.,IES CB M~ sAVENSWOOD AVEP4JE

-- , ER:4 AST -E3 rARK, -A -4Z5

,N;M;-S 'ARK , t)10j A N DONALD NEILSON
'c 1 AS-E' -D 'H!S ADRESS> dv TTN ALAN o&RNS

V' )CS~EC ESEARC$ AB U WT 1. ~4T
VC ;TTN L. L. LOBB

'Ho3KT'CY T
T
N DAVID A. )OH*NSON

-2 'IARRE- ' OAfl ICv vTTN WALTER u . CHIESNUT
CIN . '''T 21e AIY TTN CHIARLES L.RIN

T-N ,I% VSK 1 ' AN WALTER jAVE
ATTU Ml. BARON

Cut~lV NT,.AT~.L A
0

il ATTN RAY L. IEADASRAND

£c 56D 'I 1*r -, ,. RIC
C,4o TN A IARPENE

t-F~p' "A --. P)ETERSON
N' qT . ,AKE, JR.

IP96I :t :Nl ' ,r vS'jP ' - ! 'INZALES

NE '. '4- 'Ar j-N MCDANIEL

CA:
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